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^€ H€ ^E}A}o|:=nV ^ A>-§-*H tiV£^ldl^l-l- A oM ^ 

^ €^H^ ^ o_ tiV £ ^ 7 i^. Aj-ofl yqo]^ *V ^ 7 >^^( a t least one species of 

additive element)!- ^-^}^(containing) 4^3 .^-g-^-i- ^ S}^ ?A^r ^ti] # 7 1 *H 

£ & iNM ^7>^^S] ^-^( content)^: 0.1 atomic% vfl*l 10 atomic%°14-. o]o]a^ , 

^*fl ^ ^sl^H^^ ^71 u|«J ^ ^e]4°l = ^ ^£^171^ 

3 a£ xHl^ ^ M€ ^ ^^A>o]^nv ^ A o vtL qaj ^ ^^Afol^nV^ 

5Hr4. °1 T^ofl, ^>7l ^ ^AHcok£- *Qi ^(first content)^: ?1 

°]S. *V ^7V^4i(at least one species of additive element )# ^-^-*>Jl, #7] 

U|5g ^ ^^Afol^nv^ ^"71 ^-^cf €- *fl2 ^ ^-7] ^o]s_ $ 

H*V, ^-71 ^ qai ^ ^^a>o]h.^ 4>7l u)*B ^ ^e]AH = 

[tfll£] 

£ 1 
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^ ^ olf A>-g-*H «>£^4i^HNickel alloy sal icide process, 

Methods of fabricating a semiconductor device using the same, nickel alloy si 1 icide layer 
formed thereby and semiconductor devices fabricated using the same} 

£ l£ ^Al^s-ofl 4s. 451^40] ^afJ-^-M: ^^^>7l 4?r ^ ^ 

^(process flow chart) 0 ^. 

£ 8 ^H^l £ 10£r -g- ^^2] *fl2 ^Al^ofl icj-s «V£^44 ^S^^^r ^* r 7l 

£ ll^r ^3 ^Ai^ofl 45} 4^ ^-g- A^4oi E n| t oj ifl^ 

(thermal immunity) ^ ^2fl4 4*S ^s^WS.^*^ vflAj^- iL4^ :isfl^44. 

£ 12^r ^Aj^ofl 44 afl^ 4^ ^5]4ol£DV f o] £4*J- 

35 ^Hfls] 4^ ^4a>o1c4-e.4 ^^ % v jy.^-^ nefl^oi4. 

£ 13£- -g- ^SH\ ^Al^ofl AV-g-4^ 4^ 4^-1-4 vflo^ 4 W ^(tantalum 
content W 4€- J±<*|^ zz.sfl^ol4. 
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5L 14^ ^ A] ofl ofl ^SlAfolcnVo) j^o^ 

^rn 1 -^ ^ D 1^(TEM; Transmission Electron Microscopy) ^r^l 1 }. 

^r*Kr 7l#^-c>> ^ «.o>ol ^2fl7l^] 

^ ^ ^e^A>ol ^ oil- A}~§-*M BYS.^)^}6]] ^tr ^JH, ^1 ^ 

^^A>ol£L oil- A>-g-^al aV^^l^l-s. ^^>^ ^ ( ^ <£J«J] ^ ^ 

^A>ol£LHV ^ ol^ Af-g-S>al y>£^l^Hl ^-tr 

<io> tiV^^l S.^ H^^sf ^ 7flt^>(descrete device)* rifl^I i* r 3. ^ 

51 014 ^. 7l aKs:^ ^}oi ^^ £ 7> ^71-f-oll al-ef, ^7} 2.^ H^l^^r 33 

i?fioJ ^1-^SlJl &t)-. ^- ^*r, ^7l Hqfl^l^E^ *fl\| ^ol7l- ^fl^ 14 

(short channel effect)7l- ^^cf. ^7} ^ TflolB ^-o_S ol 

0^4. OHI n}^, Aj- 7 1 TllolH ^7l^o] ^ 7 >trCr. #7l ^fl^ JL^r* 711^ 

*>7l ^sflA^ ^71 £i B^^l^Ei^l ^o_^/c E i|o] ojo^o^ ^^ol (junction depth) 2} of 

*^Ai TllolJE ^cgnV^ J=^ # ^Al7)^ ^ o} Jl^t}. ^^O^S., #7) 7\] Q ]^- 
*HKR)£r « -*7l TllolB ^^Al^^(C)7> ^7>*1C1-. ol 7%J>-6\} f AJ-71 711 olH ^V^rfl 

*1^ ^7l^9j Ai^cq *1^^;£( transmission speed )^ RC ^I^aI^X Resistance-Capacitance 
delay timeHl 7I0J0-V0I }=.^^t\-. 
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<11> ojoll d^H, ^7) i£i/£^J 7W£S ZL^ ^T^V 

(sheet resistance)^ ^- -#7l H^S^l^B^ ^-^^ej 

(drivabilityH ^^>^cf. o}<>\] 45}-, ^7) ji^x* ^ofl 3^ ji^^.( high 

performance) S.^ B^li^-i- t^^I fl*r°i ^h1a>o] c ( sal icide; self-aligned 
silicide) 7]#o] ^e) A>-g-5]ji o^cf. 

<12> #7] AM^ A >ol£L ^7) 711 Ol H ^ ^^/^.eflo] <^ ^Vofl AjBM*1 ^ 

^^Afol^n]-^ ^71 711 o] E ^ i^/Elefl<?} <3<*<^ ^ 7 ]^o] 7^* u^ 7 | 

^ tb 7] # (process technology) 0 ! 4. #7l -g-^ -^£^r°l— ^ ^ej-e ^^Afo| c.nv 
tt Hfc]^ ^5]Al-o|EDl. =ol ^£l ^S\JL olcf. , a> 7 ) ^^-e ^ A}^ j= ^ 7^j- 

o. ^di tfl*H nfl -f ^ ^^S* J£<*14. °H1 ttfe)-, ^v 7 ] c^flvg 3.+ H^^li 

711 °1S A oHl ^^AfolcnV^. ^ ^ 7^0] Af-g^^ olcf. 

<13> ^"71 s^-B ^slA>ol = ^^- v^o) nl^-^-^ ^15,989,988^^1 "aV£*H;£*l- ^ 

zl ^2:^^ (semiconductor device and method of manufacturing the same)"°l Sf-fe- *ll^- -^-.S. 

oM^Klinuma) -^^1 ^fl 7]{*}Q w> 5^. 
<i 4 > *V^, 4V7I TllolB ^^-^1 ^-°1 ot o j ^ ^q. 3.0. ^o.ofl ( -§-^( ag glomerationHE}- 

6\) ^3] ^^A>ol^ 7l#ol JL^^- S.^: H^l^o] ^^-ofl A>-g-£l^7 olcf. ^7} ^ *2 ^&1 

A>ol= 7l#oll <^*fl ^^£1^ ^sl^H^^ nf°<J=tr S^uKdiverse composition rate) 

» 7}^ ^ ^nf. ofl-i- # 7 1 ^slA>olc^- (nickel silicide layer)^- ^1 S. 

ic -^slA>ol ^.nv( di _ nickel m ono-si licide layer; Ni 2 Si layer), it ^3 e) Afol e.'a}- 

(nickel mono-si 1 icide layer; NiSi layer) ^e)A>o] c nv( nickel di-silicide 
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layer; NiSi 2 layer)^ 4 s ojs. q^g Afc] ^m-^- ^ q*g £t *3e|A}ol jel 

(NiSi layer)°l 7># ^(resistivity)^: 3^4, #7l q*S JE.ii ^1 ii] a>o];e. 

^•(NiSi layer)^: 350°C ifl*l 550°C^ ^^ofl^ aV^ofl f >y- 7 ] q^ qo] ^z]A}o]^ 

^(NiSi 2 layer)^ 550°CJi^- fe£r £.E<HH ^^€^f. nH*M , ^^^^(low resistive) M 

^ ^ 3L ^Mr 550°CJicf ^ £--£*IM ^SM^ tr^. ^, q*S ^e)A>ol = 

7l#* A>-g-«H aVE^*}* ^2:*>7l Sftifr ^^E) ^q ^Tfldfl ^qto] 4^4. 

<is> ^30.3., Aj- 7l q^g a«^a>o1= a^a^lfe ji^q. 

<16> a. ig-tgo] oI^-jl^ ^ 71^3 ^7)^o] s-^o^ ^(degradation of 

electrical characteristic) ^7>a]^ ^ o}^ q^ a^^a> 

^-a- ^*Rr n 01 q. 

<17> £ t^o] ol=-JL7.> ^ q^ 7l#^ 4^1^ ^ A> 

•8-*H ^^tr ^i7l^ ^(stable electrical characteristic)^: <£-§: ^ ^fe aV£3l4i*}^ 
^flS^^: *l|**Hir Hi 544. 

<18> o]^ji7> ^ 5E q^- 7l^^ 4^1^ t^JLS o>^tr ^a)A>o) = 

^ Cfl 5>H4. 

<19> ^r^ol ol^-j,^ ^ rr qa. 7 |^^ 5Z)-^^ <g ^ 0_j= o>>g q^ ^ ^^Aj-Ojc 

^-i- 5^ ^JJESfl^*!-* *11^-*Rr Hi ^q. 
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<20> Aj- 7l 7 ]#^ ^11- o]^7l fl*H ^tKnovel) i-M ^ ^A}ol;t= 

-i" °1 ti}£^l7l^ -tfofl 3^5: ^= ^ ^7>^i( a t least one species of 

additive element)* ^H^V^( containing) i-M tH?^ (nickel alloy layer)^- ^^-^ ^-§- 
S.^^r. -#7] ^°]S. *V ^7}Q^2] ^(content )^ 0.1 atomic% ifl*] 10 atomic 

a>£^l7l^ aV^-i- ^0.?lCf. ZL #7] ^KE^l^ Aj-ofl ^^Al-ol cnVol ^ 

<2i> ^-7] ^o^£ fHr^ ^7R}^r ^#(Ta), ^^(Zr), ^o]^(Ti) , S>Hq-g- 

(Hf), f^iffl(W), S^-H(Co), «^(Pt), EL^-(Cr), ^H^-g-(Pd), ti>M-iq^-(V) ^ q^-til^- 
(Nb)^-S ol^-o^ ^ *M-£ *M-<H ^ ^cf. 

<22> ^-7} 1*1 5]^ 200°C 700°C^ ^A]^ ^ oicf. 

<23> Aj-7] = 7l -^ ol^7l ^| 3 (opt imi zed) ^ -S3 

A>o]c ^ °- A}-§-sH te^l^Vl- *flS^Rr wJ-^-l: °1 H o V ^^r tiV£^l7l^ 4i 

^Sfl^l <33, ^71 <^^1- AVo]^ ^ ego* Aj-J=Lofl ^Ajsl ^oje sfl^, ^ Aj- 

71 TflolH sfl^ ^-i- S^r ^H^* ^-J^S. AJ-71 £i E^^-g. 3L^-*Hr 

7] t!" ^ff-^ ^7}Q±,°\ 0.1 atomic% tfl^l 10 atomic%°ltK °1<>H. Aj- 7 1 q 

*8 ^^ v * «Jr£^l7l^-* AV7I i-2.i/^efl<y ^/SL^r #7l tIIoIje 

5fl€ A <H ^ ^a)A>olH.^ ^tt4. 
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<24> ^7} TilolH Sfl^^r TIME ^ olt}. o] ^ -fofl , ^7} 

71 ^^^>7l *H1 ^-71 ^^.i/^ello] <^lr* n>^3. 2flE^ ^ 

$£4. A o V 7l v}^EL ^i^te ZL ^"71 ^ ^elA>o)^.n}-^ Aj- 

71 TllolH ^Hl^ AjBH^j ^^^nf. 

<26> ol^ ^-el , s&7] TllolH 3fl€£r ^>3llS 711 ^ ^ Til °] J= 7fl^^ 5fl^^- 

4, olc|. Aj- 7 j 711 Ol E 7fl^ 4^ ^^iLS. ^^=14. °1 A o V 7l M 

<27> d M-o>7>A^ ^7] ^olB 3fl^o] ^sjj^. ^olH ^ ^ ^ol^ 

£^4~ ^°-o\] y aj- 7 | ;*H #71 ^i/=ello] 

*}^£i sflig* *§s§*}JL <#7] TflolH 7B^^ Sfll^ ^3^-5. ^Tl^H Aj- 7 ] TllolH #^g- 
^#^1^ *r ^4. °1 ^^Ml, #7l ^ ^SlA>olcnV^ a o V 7 ] ^ojE ^ Aj-afl n> Aj eH 

<28> A o V 7] cr 4= 71 #^ ^^11- ol-7l 0]^ £ 13 <?>^ ^ ( improved 

thermal stability)-!: ^ i-M ^ ^e)A>ol^ ^^-*Vcf. ol u)5g) ^= ^a}o]b_^°- 

«V 51^1 71^;^ ^Hl *>3ll5L ^ ^3] ^ ^^A>ol = nV aJ-W. u)^ ^ A]^ 

AH^nV-g. i^-tl-cf. ^7) t}^- 4*2 ^ ^^A>ol = ni-^ ^ U ^-^(f irst content)* 

^^-^ ^7]-^^(at least one species of additive element)* -f-^l-ji, #7] # 

42-9 



1^1 



1020030042838 #^ <y*>: 2003/11/26 

^7}Q±^ ^*Vcf. SE*V ( a o v 7 ] Aj-a. t]f ^ ^Sl^H = ^ ^7} q*a ^ ^E)AV 

<29> a o v 7 ] ^c^s ^ o] ^7H1^ ^€#(Ta), ^l=^w(Zr), eM ^(Ti ) , *>5.q-g- 

(Hf), 3^€(W), ^B(Co), ^(Pt), H*(Cr), ^nl-g-(Pd). «>^-g-(v) * 
(Nb)°.3. o]=ol^l oj a^s) ^o]t= ^q.^ ^ cicf. 

oo> tJ ].^.^^ 7l i^ ( ^- 7 ] o atomic% tfl^i 4 9 a tomic%<iI *r A o v 7l aj|2 *]■ 

^-gr 5 atomic% vfl*l 60 atomic%9i ^ 91^. 
<31> HL*V, ^Vyl ^ ^ ^&)A>olH.^ #7} ^ ^£]AHH?j-fi] Si^^M! 

(total thickness)^ 70%<>11 sfl^Kr 

<32> ^-71 CfS. 71 ^11- ojJfL 7 ] £ ^ o. o_ s oj^ ^ ^ ^ 

(spaced apart) 4i^^/-E.efl ?J °3<*# ^ ^>7l iiL^/E. efl^l ^°^lr a>o]^ *flvg ojo^o) a>*l 

yfl^l^ TflojH #^-gr ^WltrCf. ^^/JELeflo] <3<*]- ^/SE^r #7l 7flo]H ^ ^> 

ofl ^ ^ A^AHES[ ^ tfJf ^ Aj^A>ol = nVol ajf^tj.. ^7} 

M€ ^ ^s^A>oic^ ^(fi rs t content ^ ^7}Q±.(at 
least one species of additive element)* tHHKa, #7] 4 Vj f it*- -^s) a>o! j=Bjvg- # 
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*J ^ ^|5L^ ZLS]JI ^^HlTfl Aj-^-o] ^ ^]. 7 l 

<H*1^" 3M4. £^l-ofl «<>H, ^ ^ ^Mlfe ^S^* 71*1-71 ^j-Sl^^l 

7 A°)^. #*)H -§^*V j^^JpS-O- jg.^ ^-^^.^s.^- uj-El-^cf. 

*fl^*>!- *ll2:*Rr u J"^-§: ^^*>7l ifltb ^ ^£(process flow chart stir, £ 2 
*fl*l £ 6-& ^sl <y ajahhi tc|-3 qsg ^ ^^A>ci= ^ oil- A>-g-*H 

<35> £ i 5L 2» #2:^, aV£^7l^r(51)2l ^^^H i^e] ^(53)* ^*}<*1 % 

tb^^cf. Aj. 7 i ti>^l7l^(51)^r ^el^ 7lJ& °fliiLar°l(S0I; silicon on 

insulator) 7)%<£ ^ &tf. olofl tH*><^, #7l aVE.*ll 71^(51)* Til = ^(Ge) IhMC) 
* D-n-*>^r ^Hell^l-El *}t%& 7) ^(strained silicon substrate)^ ^rS. &tj-. ^7} 
^ A <H1 TflolE ^<£*K55)# ^^tri=r. -$7l TlMS ^^^-(55)^. *V^z\}7}#2) ^ # 
4| tIMe £ ^nv (gate con ductive layer) ^ ?1MB 7fl^^-( ga te capping layer)* *}$}3, 

<36> A o V 7l TflolB J£^5]-^ «1^^ ^SI^SV, 5E^r ^S^^r ^ ^ 

t SU^r. °1 3Rr ^2}, #71 711 ol h SL^^bS: ^5}^\ ^ ^ ^^(WN layer; tungsten 
nitride layer) ^ fi^i^* *>3fl3. x\^X\?)o] ^rS. °1 3*41. ^ v 7l 

^, ^ ^ 800A21 ^1, 50A^1 *^11 ^ 500AS1 t£s§*t 
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<37> ^71 711 °1B 711 £ TflolB ^N^^M ^ <* 9\ #Jf§ 7>S.^e^ 

TflolB sfl^(60)-g: <§W4-(-£ 1^1 ^31 1). zl #7} A) °1H 3fl^(60)^r ^HlS 

TflolH ^(90) ^ TflolH 7fl^§^ 2fl^l(59)^- i^-tlrcf. ZLeju)-, #7] TflojB 7fl^^ ^ 

°1 ^4-°Hfe, A oM 711 Ol 3 3fl^(60)^- #7] TflolB ^^-(90)^1 AS ^^4. -*M 

7flolB ^€ ^sKHWN layer; tungsten nitride layer) ^ E j^31^-§- 

*l-3flS ^f^M ^-fofl, ^-71 TllolB ^(90)-g- aj#€ *fl€(56), 

E ^^l ^5r^ v ^€(57) ^ ^11(58)^: B^W. °l2Rr ^2], #7l TlMH E^^-fr 

^^^nVn>0_^ tg^f^ ^-Mfe, #7] 711 °1 B ^(90)£r #7l 4€(56)^S o] if 

<38> o]o]^ a o v 7 ] TflolB i|| ^(60) ^ 4i7>^^-(53)^ ol^cy v}^=L^^ A}-g-*H A o V 7l 

%^<^«ofl ^1 ol^-s.^. ^01 ^o] <£44(LDD; lightly doped drain) ^^#(61)* 

$^#4(5. 1^1 #7fl 3). ^71 afll o)£_-g.o- N ^ ol^-s. H - p^g o|£ 

<39> 5L 1 ^ £ 3-i- #2^, ^"71 <£t]t) <g<3(61)# ^fe- ^i^l7l^^ ^ ^ ^ o] 

a| ^^dv^- tg^cf. #7} is|l<>M °l y oM3 ^^HM #7] 711 ol e *fl€(60)£) ^ 

^M*! (63)1- ^^*>4(£ 1^ #31 5). ^-71 TllolB ^€(60), i2fl°H(63) ^ ±7\ 
^-^^-(53)* ^l-g-^oj u}^^^ A>-g-*}c*| A oM ^<g*H *fl2 oj^l-^ 
±SL + /IL$)°1 <3<*!#(65)-§: ^^*>4(£ 1^ c^j 7) . ^ ^-7] ^1 ^ (63)2} ^ofl 
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#7l <i^c] cg« #(61)o ] ^*Vcf. # 7 1 ^ 2 1-^1- ol^-s. <* A ] N ^ oj^-s. £ - p 

<40> 4u$.i/=eflo] ^^s.(65)# ^ «V£^l7l^ ^e^}^ #7l ^i/£Lefl«l <g 

^l-(65) ifl^ 1-^1- ol^-s.^- ^^Al^rfcs. 1^1 #7fl 9). #7l ^i/=^ol ^^b] ^ 
^ 830 1 ifl*l 1150 o C^l ££<*1M ^ 1*13 ^^-a- ^~g-*M ^ Slrf. #7l ^o] 

H ^€(60), TflolH ^^(55), i^L^/=eflol ^^#(65) ^ (63)tt 5.^ 

3* #7l dli^/=eflOl ^^#(65)^- ^Aloflofl^ « o V^ oj^ofl C£\E.]7}7] 

2) ^ ^l-g- ^}-§-*H ^€ ^ ^4. ^1* 1-^, #7l i^/=eflol ^^#(65)^ 

(elevated) ^^^/£L^<?] °§^-§- ^*Hf #^ >M-g-*r°l ^€ ^£ &i=h 
<41> i l ^ £ 4* ^*>^, #71 ^i_2.^/JE131°1 ^-^o] oV£*ll7l^<i) S.t£ 

# #7] ^SLi/£L^)o] <^«s.( 65 ) ^-ofl 7><g#Sl-^-(native oxide layer) 

^ .S/g^HsC contaminated particles)^: ^71^. #7l tiV£^7l^^ ^ #°H M 

€ ^^"(67) £ 7fl^g^-(69)* *HlS ^tW-E 1^ #31 11). #71 ^^(67)£- 3 

o]S. ir^^l ^7>^i(at least one species of additive element)-!- ^HHrJi, #7l M^fi 
t^*K67) ^ 7 >^4i ^-^(additive element content)^- 0.1 atomic% 10 

atomic%<y 

<42> #71 a^s. *V ^ 7 >^^ ^r##(Ta), ^l^(Zr), ^M^tti ) , *}*^\-$r 

(Hf), ^€(W), S^H(Co), «^(Pt), H^-(Cr), ^HM-g-CPd), w>i4cl-S-(V) ^ M^l-g- 
(Nb)A^L ol -ol^l q] ^ tAo]^ sVM-<a 5^. #71 ^oi£ #fr3 ^7>^^ 

^ I^Sl ^8 3 <^-fr£l- ^7>Al7juf. J**], #71 ^^(67)ol #71 
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(thermal stability)* ^M=[1M-. 

<43> *V^, Aj- 7l 7fl^^-(69)^r ^o]^ ^3^0.5. ^ ^ o] ^o.^ ^ o] ^ 

•H- ^51-^ -8-71 Mi AVgj.- a o >^*Vcf. ZLeiL}, A o V 7 | ^^^(69)0] ^ef^. 

<44> 3E 1 9? £ 5# ^-S^, #71 Mi ^*i-(67)-g: 1>5L^7l^oi] ^£]A>ol = s}. ^ 

^(silicidation process)* 3-g-^M-CE. 1^ ^} 13). ^13°-^-, <#7] ^s^}o) cjrj. ^ 

#71 ^^-(67)* «>£^7l^:-i- 200°C 700°C^ ^E^H l^e^Kr 

S.^W. yf^^Mm, #7l ^elAVolcgj. 300 » c ^ 500°CS] ^£ofl^ ^Al*Vcf. 

-g^J #7l Mi ^^(67)^ #7l 4iiL>i/^eflo] <^s.( 65 ) ^^>-i- 
4 ^V-g-trM-. ^ ^^f, £ 5^1 ^-o], #71 io_^/JELefl«] ^«^l-(65)^ 

Mi ^ ^3^A>ol cn| lr(67c)o ] ^^^M". ^ M ^313 AS, #71 Mi ^ ^l^A>ol£LnV 
S(67c)^ 2fZf-& ^>^1S- t}^- Mi ^ ^^A>ol^.nl- (67a ) ^ Aj-Jf ^ aj^aV 

<45> a o v 7 ] ^ ^elA]-ol = ni-( 67a ) ^o} a o v 7 ] ^ 7 }^ ^(additive element 

content)^: 0 atomic% i-fl*] 4.9 atomic%1 ^ 9XJL, #7] M^ this ^e) a>o] ^nV( 67b ) 

^ #7] ^7}^^ ^ l 5 atomic% 60 atomic%1 ^ ^r, #7l Mi 

^ ^^A>ol^nV( 675 ) q]o] ^. 7l ^ 7 >^^ ^-^o. a> 7 ] ^ ^^Afo]^n|( 67a ) 

^ #7l ^7H^ f-^M" 3.M-. #7] s]-^- Mi ^ ^S)A>ol cnV( 67a )^. Aj- 7 ] Aj- 

^ Mi ^ ^SlA>o] = n}-( 67b )tic} ^5U=- ^Aj^cf. ^^1^ #71 ^ Mi ^ ^ 
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^A>ol^nV (67a) o. A j. 7l ^ ^^A>o]cnl- (67c) o) ^^-^o] T^o]^ 70 %ofl Sfl^>^ 

<46> 711 sfl€(60)°l ^7] 311^(56)^5. O^O^ ^o.61] > # 7 j ^ 

^(67) ^ <g*]B] ^ ^o> A o v 7 ] 5flEi(56) ^H) ^ ^e]A>ol = ^-( 67c )4 

iS^tb l-^^P-SCsame material structure)* ^sJ^H H. sK;E.>M^r*l U 

-S-)°l ^€4. 

<47> TllolH 3fl€(60)^: #3413 ^ ^ 5} A} o] <= o}- 

ol = nv AS ^ 014. ol ^ofl, ^T-71 ^ ^e)AHcnV(67c)^- ^^/JEl 

<48> ^^(67)ol 550°C^.nf ^ ^51^ <I*| 3 3:51, #7l ^ ^3 

3". 

<49> Tll^^A-l, ^7) >;5llolAl(63), 3"(53) ^ Tfl O] B 7fl^^ 2^(59) #3 n] *V-g- 

€ th-g-^Kunreacted nickel alloy layer )■£ *H3tr3. #3 nl^-g-^ 3*3 % 

#-8- 3? (sulfuric acid; H 2 S0 4 ) % ^-^^(hydrogen peroxide; H 2 0 2 )3 (mixture) 
* *>-g-*H *IMtr ^ &3. ^-71 D}aV-§-^ qsg ^--g-n^ ^l^^ov Aj-yl 7fl3§3(69) 33 ^ 
H^(strip)€ &3. 

<50> £ 1 ^ £ 6# , ^"71 3^3 ^ ^5lAHSB]-(67c)t ^ ti>£^7l^ ^ 

Aj-ofl ^7_>^^^-(69)# ^^KS. 10] cf^ 15)> AJ.7I #^^<?15V(69)# 2flE^^ #7] 
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^^/^.Bll^l <g<3!-(65) ^7} ^ ^elA>o)i=n}-s- (67c) ^. ^.^^ sem^e.^ 

sflE^^M ^ ^tifl^dl-(71)* ^^*Vrf(£ is] #31 17). 

Cf-g-ofl, £ 7-1- ^3 ^ a] 0(6)1 ^£ ujsg ^ ^B]A>o] = nV 

£ 7# %^*>#, 41^-2- 71^ ^r-g: te^ll 71^(51)^1 X^l ^S. ol^^ *V ^ ^ 
oJ«s.( 65 )ol Bfl^^cf. 4>7l ^i/H.Efl«?l ^^#(65) A>olo] ^ OJO^ 
TllolH *l^(90)°l «fl^m^-. -*M TflolH ^(90)-^ #7l *||^ <3<* o.3.JfE| 
^^^-(55)^1 £l*fl ^^t}. -8-71 TflolH ^(90)-^ ^1^^ ^e]# sflU , #&l^e|€- 

5fl^ Hitt ^ ^5]€- 2flEH(5L 2 ifl*l £ 6^1 56)^ ^ 

^3, A o v 7l TflolB ^(90)^ ^71 *3xi)§ i(| €(56) g ^"71 ^e].a 4^(56) <M vfl 
1^ ^ ^A}oU= sflig^ ^ £ oiuf. c-1 i4 6 >7M, ^"71 TflolH #^-(90)£- 5L 2 

vfl^l £ 6°fl il<*l3l w>«4 ^-oi a^s. ^ele 2fl€(56), ^€ sfl€(57) £ ^ 

^€ 2fl€(58)^r S.^ ^ 9X^. TflolH #^-(90)^ ^<g^ ^ ( 6 3)S 

3)t}. a o v 7 i iTEfloiA-l (63)^1 §>^-ofl^ ^-71 ^i/^efl«?l ^^-1-(65)^.S.^-Ei -ft]^ 

eg 0^(61)0] ^flf ^ olef. 

^"71 ^^/=Efl<?l ^^#(65)^ S^l- ^Hl ^ ^^^ol = o|-s. (67c )ol 

Cf. oHl d*H f A o V 7 l Tfl olB ^^-(90)<>1 A o V 7l ^-g- 3fl€ (56)^^-5. °l-f-<H*L ^-fofl, ^-71 

i^.^/=efl«?l ^^#(65)5] s^*^ Aj-7] sfl^(56)s] 4H1 q 
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<54> ^7) ^ ^2]A}ol£DV f(67c) o] 7 ^°. ^ s q ^ ^ ^g^o] 

= ^(67a) ^ tf-f ^ ^^A>ol = ni-( 67b )^. i^*]-Cf. ^-71 <5>^f q*S ^ ^a}o"|i= 

^(67a)^r *fll ^(first content)^ ajols. ^ #7\$\±.* ^7\ q^ 

^-^^r 0 atomic% vfl*| 4.9 atomic%^l w>^*>Jl, -#7] *fl2 f^^- 5 atomic% vfl*l 

60 atomic%<y ti>^^>cf. o] ^o-ofl, 3<H£. *v ^Hldfcfe fHM-(Ta), 

*l=.2^(Zr), EHtWTi), *}Hq-g-(Hf), ^i^(W), 3^rB(Co), ^(Pt), =Lf-(Cr), =t 

S*V, #7] ^ q^ ^5lA>ol^^-( 6 7a)^r ^-7] ^ q ^ -^aH 1= ^-(67b)^-4 

^^^.S., ^"71 ^ q*3 ^ ^SlA>o)cnl. (67a) ^ A> 7 ] q^ ^ ^^A>ol = nV 
(67c )^ ^^l^^o] ajo]n 70% oil Sfl^Rr ^Ml* ^Hr^. 
<55> £ 8 £ 10£r ^ *UHH *K£*ll dt:*} <£| ^fl2: y o V ^# "M^S>7l 

<56> £ 8* , £ 2 ^ S. 3^H ^A]ofl«4 -g-^ A]~g-SH £A E qfl 

^1^B]» ^^*>q-. £ ^AlofloflAl, >^-7l H^l^S] TflojE nflE}-£- £ 2 ^ £ 3<H1 J± 

*2e^ 4^(56)^ ^^^cf. 4-5-^1, ^-71 SLi H^^l^Eil- ^ tiVE^m 

€(56H1 cfl^H -S^l* ^^*vq. ^11- ^-71 o>iH 

aV^-^o.^. ^aj^ ^ Siq-. ^7) v\+el *k<&n^ ^sM^H #7l 3^(56) 
* ^#^l7l^ 2fl€(101)# ^<H£ av 7 ] ^^.^/^eflo] cg^s. (65 ) 
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<57> s. 91- %^^>^, #7] ^s]^ 3fl^(56)# ^ a}£^l7l^:0) ^ -y-ofl u]*g ^J- 

^(103) ^ ^^(105)* ^tr^f. ^"71 ^^(103)^- £ 4^ #7l 

^•^-(67)4 t^^S ^^^>J1, ^-7] ?fl^^-(105) «H £ 40) 7fl^^(69)5q- ^Utr 

<58> £ 10^- <#7] ^5V(103)^r £fe «V£^l7l^l ^&)A>o]cg|. ^ 

(si licidation process)^: ^-g-tr 1 }. ^e^H^^ ^^-^ £ 5<>flA) ^4 ^-<Utr 

H o v ^^r ^l-§-*H ^^1^4. =l ^7} 3flH(56) ^MltF ^aj^s ^ ^e] 

A>o]^n1-( 10 3 c) ol ^^JO., A o V 7 ] ^ ^elAVojcnl-doSc)^. £ 5^ 7^ 

% l-^^l" £^ ^^T=r. ^T, l-M ^ ^S]A>ol = ^(l03c)^r xH)^ 

^ ^ a] ^^01^^(1033) ^ ^ tJ"^- ^5lA>olj=^(103b)# X#th=r. 

<59> 0]^, ^r^l^, ^V7) u| 22 ^ ^ ^ Afc] £rt( 103c)* i^*Rr 0]-£^7l 

^T°fl ^ ^* ^-§-W. ^71 ^ i 6<HH yj-^ o. A}-g-*}c*) 

^Al^Cf. 

<60> <^3*H!-; examples> 

<6i> oI^Ha^, ^AHls-ofl ,4^. a] ^.^-( sam pies)^ c^e^H 

(various measurement results)^- -M^^lS. tr^f. 

<62> t£ 11^ l^ofl ofHf u|aj Hj-^# ^ejAHcnV ul ^gflo] q ^ ^e)A> 

o]^.n|-o^ rfl l^e^S. -^-^ (resistance vs. annealing temperature character istic)^: 

-2-°^^ neflHolcf. £ neflxcofl 5U°H , 7>^(abscissa)^- ^7> <l^e] ^s. 
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(additional annealing temperature)* M-E^-iflji, a)]£_^-sl v*x\-Q( s heet resistance)* M-b}- 

£ ttf€- ^elAj-olcnV^. 3 5 atom ic%2] E^ig-f- ^* ^ 

^l-#^-8- <8>S*r5{jU, #2fl^ M« S-^ ^B^H^uKg. ^ u)^^-( P ure nickel 

layer)* ^s}^tf . # 7 1 ^tf-^ ^ qajnKg. H = ^Hsjs. 

^Hl 3]^^o.s ^3 £4-. °H>H, -SM ^Mg-#^ ^ #71 ^ M€^* 450 M 

^elA>o] = n| r] ^- 7l ^^A>olcn^-ol Aj- 7 | u| 5g ^A)-ol t=nV 

^ M«] £^ ^elA>ol #-&(room temperature) vfl^l 750°C a>c>1o) ^ 7 \$_ ^ 

#7l ^7> ^-^ (additional annealing process)^ ^ <I^el ^^(RTP; 

rapid thermal process)* ^Kr^H 5^- ^Ulsq^cf. 

temperature) ^ 750°C ^r 0 l^ ^7} ^ iflc^ ^-<^ ^7^ s.^* i^cf. 

^ofl rcf^ a o v 7 ) Ej-^-f- ^elA>ol^n|^- 750°C^ ^a]^ ^ 7 > 

1*1^ *3 ^ 4.5 ohm/sq.^l ^^^* iL5l4. °H , ^efl^l 2- 

^ ^SlA>olc^ 600°C^Cf ^ ^7> <1^&1 -g^^H g-©];^ # ^T^V iL^cf. ^ 

2f 100 ohm/sq.^ ^ ^i^* 3L<&A. ^>7>^(to be precise), £ 11^ ^tR 1 " it 

*2e]€- 71^:^ ^^sK sheet resistance value)* i^-*>cf. d\ 7 ]x\ t ^ 7 ] 

°1 ^ ^ ^tH^ 1500 ohm/sq.^ ^^^-* 4^1, ^7-]*j-^) 
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^4 * = ^ #^-4 c^-gr^r #7] ^5]4olcD| f o. Jr^r}. £ 116fl ^ 

o^^l ^^%V sheet resistance values)^ ^14^ °- 5. #71 a>o] = 4#<i| ^^%V ^s. 

41 *fl^W^ 3£r ^^Hl^l 4<344. 

<65> ^2)0.5., ^ofl oj-s. ^-^f- ^e|A>oi = ^ ^2flo| £ic ^b]a]-o}i= 

<66> £ 12^ ^T^^l 4€- 4^ f£W ^BlA>ol^n]- u| ^ 4Je]A}o1 i=4^ 

5" (sheet resistance uniformities)* iL 0 ^^ . £ 12^1 ZLSflH^l 

2*44, 7>3.^£ ^4U-i: 444 ^accumulative distribution rate)* 
44W. 

<67> £ ^ofl rcj-s. ^e)A}oln5]-o. 3 5 a tomic%£] 4l^§- ^-g: ^ i-M 

4t#4* a}-§-<5}^ n^l^iJL, ^efl^ 3.± ^z]A}o]ELvy°- ^ q^4(pure nickel 

layer)* 4-8-SV4 ^45$4. ^7} 4^ Qlk^ ^ ^ 4€4£r 500 A ^ 3f*fl ^ 

500A^ s-* £t= 44 ^4 ^(line-shaped) €^el€- 2fl^# -*<H ^3524. °H4, # 
71 4€ 4^4 31 ^"71 ^ M^ev-i: 450 £;£<*1M 302, -^<L> 1^Bl*r£4. =L ^4, 
^4 ^ 4 a] ^44*1^=4 ^ ^sfl^ qa] a.^ ^&)A>o]c^oi # 7 ) #5^e1 

a. *n^<q ^^l-ofl *g^4&4. 44 4*114, #4 4t# ^ejA>o]= sfl^s. ^ 4 
€ ^44<>l3=- 500 AS] £-51^. ^5]&4. 

<68> £ 121- ^4^, ^ofl 44 ^44 M€ ^^A>o]^ Sfl^s.^ 4 4 

ohm/sq. 44 6 ohm/sq. ^1 -g-^tr 'S^tttt £-534. °H , 5.^ 41 3 

» 

4°1^- 5fl€-i-^r 4 30 ohm/sq. 44 300 ohm/sq. 2} ^JL tKhigh and non-uniform) 4 
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<69> £ 13£r -g- AV-§-s]^ vfl^l ^# ^(tantalum content HI 

<70> ^-71 Ej-^^-S.^- ^^3- ^ojjEl-i. ^Vofl Xj^^j O.^. ^^*>5|JL, #7] ^1" 

#^-#£t 450°C^ ^oIM 302, ^ ZL ^3}-, ^-7) ^^3. ^ol^s.^ 

<?i> £ 13^- ^-s*>^, 0.1 atomic% vfl^l io atomic%^ eJ-^# ^-g- ^ q^g ^H-p-^ 

, 0.1 atomic% ifl^l 5 atomic%^ ^ BMf-^-g; ^xj^ 

^# ^^A>ol^nV^^ qi 4.7 ohm/sq.^ i±5$i=f. 5- 13°\) 91°]^ 

, 0 atomic%^ ^# ^^f-^ ^ M^^MI Sfl^tb^-. -SM ^ 

^# "t^ol io atomic% ZL J±t}- e ^-f^xr, £ 13<*fl iL<^ ^o] #71 

t# ^ElAfol^nV^ Tg^-Sj-Ol ^7H>^Cf. 6fl^ S.^ _ 15 a tOmic%^ fj-^ 

^^ov^. A>-g-*>c^ ^&)a>o1je.^ Sj= g ! ohm/sq.^ 

<?2> ^t!r $.7]z\ Wr^m- o}-g-eH <i*} (thermal stability)* 5Hr M 

atomic%ticf ^Joj H>^-2)^>cf. 7 >^ w>#^*>7flfe, #7) f^-f^ ^ % 

5 atomic%^.q- ^tj-. 
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<73> 3.5 atomic%^ 5 atomic%^ f^-g- ^ 10 atomic%^ 

(material structures)^ ^r-f-^r ^ D 1^(TEM) ^ RBSCRutherford Backseat tering 
Spectroscopy)!- ^>-g-*><^ &i=t. <^ 7 ]X\ t #7) ^-g-^M <g^e] 450°C 

^ ^r£oflA^ 30^ ^o> ^Ajsl^cf. ^7} &q ^^(analysis results)^ [S.M A 

<74> [ S 1] 



«-* 


W NiTa ^e|A|.o|cn|. 


NiTa i 


Ni ! 


Ta 


Si 




Ni 


Ta 


Si 


^1 


3.5 at% 


60 at% 


12 at% 


28 at% 


39 A 


48 at% 


0.1 at% 


51.9at% 


320 A 


5 at% 


30 at% 


54 at% 


16 at% 


33 A 


50 at% 


0.2 at% 


49.8at% 


420 A 


10 at% 


1 at% 


98 at% 


1 at% 


40 A 


50 at% 


0.2 at% 


49.8at% 


435 A 



3.5 atomic%£l ^ a}-8-«H «8>S^ W# 

^# 320 A 2] 7>^cf. ol ^*-ofl, A o > 7 ] Aj^ 

A}o)j=n}- ^o} ^.^o. 12 a tomic%ol^J7 ( Aj-7] Ej-t^ ^^A>oll=nV tfl 

flrlM- 0.1 atomic%°1^4. 
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<77> sl^V, 5 atomic%^ ^eV-g. q^g eJ-^^ a>-§-^ ^£ ^# 

^^^^^H] Si^H, -SM 4 VJ f M€ ^^A>o]^nl-^- 33 A Si 7>^JI ^7] 

^ ^# ^^Afol^nV^ 420 AS] 7f^Cf. o] ^-fofl, Aj. 7 l aVJ=L q ^ ^ # 

^A}oi cnv iflsj.^^. 54 atomic^o^l^Ji, ^ ^# ^e]AHE°[ tfl 

^ ^tf- 0.2 atomic%<>l$i}. 

<78> o)d\] d*H, 10 atomic%^ ^<g-§- ^ q^ ^tf^-i- A>-g-sH ^Aj^g 

^^H^Hl Sa«H^, ^ ^SlAj-ol^nV^ 40 A o] -jfl.g. 7 ^ 

-2. ^"71 *}Jf H3-%# ^SlAVol^^ 435 A o] -^11- 7>^Cf. o] ^ofl, ^v 7l q 

^ 3r^f- ^5lA>o]cn| ^cq ^-^o. 98 atomic% oio i ji ( av 7 ] s}Jf f^f- <^*L) 

A>ol^.nv ^q e^1-# 0.2 atomic%°l&^-. 

<?9> -S-71 ^ ^£<>1 ^7^^21-s, ^-71 <5}^- ^' 

^5]aHH^ 2:^*1 (composition ratio)^ 7^ &5*i=k =L^, #7l ^"^r 

q^ ^^A>ol^.oV xflq ^ # q^ E^^nV vfl^ ^7V<4 

(abruptly) ^7}5q&^-. 

<8o> ^3.03., ^-7] q^ E^^-#nv vflq #3=3 ^7>^ ^-71 ^ 

e|A>olH.^ vflq ^ 7 >2f o>-g;SM 4V7) q^ Ej-^-^- ^^A|-olcn|o) Tg^^ 

^7># ^sflsRr 3^5- ^ SXA. £ 13 ^ Aj- 7l [s]s.«-Ei «g ^ o^^oi, # 

7l ^ritf-^- vfls] *}-*£( tantalum content )£: 10 atomic%iL4 ^ q-eJ-^e} 

71 ^ q^ ^^A^i^nv^q ^^^q. 
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<82> q i}of7M( furthermore), £ 11°)H #7l q^ ^fHr ^e)A>o] c nvoj 

7> £ 14<H1 iL<^q-. 51 14^ ^7> <&x\t) *H ^^2)- ^nl^(TEM)^- A>-g-*H 
(taken) *>*loiq.. 

<83> £ u^b\ ^ ^t^-oi, a. ^ofl irj-ei- q*g Hj-l-f- ^s]A>oiH.nv^ ^u. q 

€ ^r## ^^AVoir=ov (£ 14 ^ layer 2 ) ^ ^ q*g E]-t# ^elA>oicnv (s 14 o) layer 
l)o.s. oi^^q.. 

<84> a o v-^v ^ ^-o] ^ofl q-eig, ^^#34 ^ ^7^^(additive element)* ^-fr 

q^ a}-§-3H q^ ^ ^e]4°]^ D -i v t $^*rfe ^-f^l, -*7l q*2 ^ ^ 

q-. q-A] ^flA^ ; oi^ al^^g- *V£*fl^M-(reliable high performance semiconductor 

device)!- *fl2:*r^ 7pg^>q-. 
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1] 

^€-8: %^\^ ^r£^)7l^; #ofl *± fHt<q ^7}Q±(at least one species 

of additive element)!- ^-FKV^Ccontaining) q*9 tho^-i" ^^^S], #7] :$<>\S. *V 
^ content)^: 0.1 atomic% vfl*l 10 atomic%°l JL, 

^ #-§-°ll ^sfl ^€ q*S ^ ^^A>oi^nv^ ^ ^tsKt q*3 ^ ^lelAV 

2] 

^-71 ^<>|£ *V ^7}Q±°) o.l atomic% 5 atomic%^l 33* °. 

3. ^ >ie|^M^ 

3] 

^•71 q*8 ^^M- ^^*>7l *H1 ^-7] ai-£^7l^ A oHl -Me}^- ^^Hr 33* 

c| £^>£], ^71 q*| ^--g-^ ^71 ^b]^ ^^>£s. ^A^^ji, ^71 q*3 ^-*v 

A o V 7l I^El ^-71 «J-S-*> ^ 23* ^8-2.3. 5}r Ml ^ iB^M^ 
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4] 

Xl 3 Sa<X^, 

5J-ir ^HJilS. <5>^ M«j ^ Afl^A>ol^. 
5] 

XI 1 5a<>H, 

(Hf), ^3KW), S^H(Co), «^(Pt), 2^-(Cr), ^B^-g-CPd), w}M-^-§-(V) ^ 
(Nb)^-S ^l^^l <y ^ ^o] S i 30. s.^ o.^ ^ ^g- Aga]A]-oic ^ 

6] 

XI l %H1 5a<H*l, 

#71 3<X5l # ^7R1^ €lM-(Ta)<Ll 53 ^ ^8.2-5. ^ ^e)A> 

[3^* 7] 

xi i %hi 5a<x^, 

#7l 1^5^ 200 °C vfl*l 700 £r£°lH ^AlS)^ ^ q^s ^ A l 
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8] 

*fl 1 %H1 

A oM 300 °C ifl*l 500 -8:5.01] *1 -SH^fe 3J-§- ^ ^ <g 

[^t 1 ^ 9] 

^-71 Ei H^l^l* ^ tiV^^l 71^ ^ #6fl ^<>|£ tb ^7}^!- ^j- 

-fi-SRr W^ v * ^^*>^, ^7l *H t= ^ ^7}Qdt2] 0.1 atomic% 

10 atomic%°l^l, 

10] 

*ll 9 *<H1 Sl^i, 

4 V 7l TllolB SflBi^- ^ 

^71 2fl E ^^ ^o. t A o V 7 ] nflEi^H] ^ ZL ^ ^ #7] 

#7l ^91 a^ tiV-§-^>^ tIIoIh ^ ^elAH^^ ^a]?]^ 

^^^-S. al£^i:7>oJ . 
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[^T 1 * 11] 

*fl 9 5a°H, 

12] 

*fl 9 9X°\*), 

<#7] ^ ^7}Q±$] 0.1 atomic% vfl*l 5 atomic?**?! 31- 

[^T 1 * 131 

*fl 9 %H1 

A o v 7l o] $ 7 Hidife 3r^#(Ta), *lM^-(Zr), EH^(Ti), = 

(Hf), ^i^l(W), 2tB(Co), ^(Pt), H*(Cr), ^t^-g-CPd), w>q-^-g-(v) ^ ^wl-g- 

14] 
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[3^8" 15] 

9 9X<^*\ , 

[^T 1 * 16] 

*fl 9 SM*!, 

^71 ^-^Kg. ^ o_ 300 °C ifl^l 500 °CS] ^Si^H 

[^T 1 * 17] 

*fl 9 %H1 & 

(unreacted) M^S ^^-i: *\}7]f;}31, 
[^^J- 18] 

^1 17 *cM 5a°H, 

^7>^ ^lS^^. 
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19] 

*fl 18 ^o\] 

[^T^ 20] 

€ TiMB sfl^, *J #7l TflolH Sfl^ gfe ^ffflol^S- 5> JI> 

^"71 S.^ ^JE^7l^r A <H1 ^7] t^e t ^ A j ^ ^<£^ 

Sfl^^- ^^^S), #7] ^<£^ P>^3. 3flHH^ ^7l 4l^.>i/£Leflo] cg^-^. ^J7 ; 
A o V 7) 4i3 Sfl^^- 5L^>^ a>H^7l^ A oHl *V f^o] ^7>^4il- 

-fj-*Kr ^71 a^S. ^=o) ^7}^^^ 0.1 atomic% vfl*] 

10 atomic 

21] 

*fl 20 %H1 SU^H, 

^•71 2|<H£ ^ $ 7 >^£:fe ^IM-Oa), *l=a^-(Zr), Efol^(Ti), 

(Hf), ^Sfi(W), i^B(Co), ^(Pt), H#(Cr), ^Hj-tq-g-(Pd) , tiH+q-g-(V) ^ MiLwl-g- 
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1*3^ 22] 

*)1 20 * 0 H1 5a<>H, 

^7) *M51 *1 *17}Q^ ^tf-(Ta)°l ^ ^)o S ^ tiV^^^^o] ^ 

[^T 1 * 23] 

XI 20 %H1 SU^i, 

^7) H-^-^^r <I*iB^Rr 200°C ifl*l 700 ^rS.^]^ ^a]5]^ ^J-g- 

[^T 1 * 24] 

*fl 20 %H1 &<>H, 

A oM u)^ <I^*Rr 300 °C ifl*l 500°C^| £3E«IM ^l^^r 33 # ^ 

ll&tt 25] 

"€3^8: tf-ft-Sl-fe- «>iXl7]^ s.^ <$H ^33, XI 1 ^(first content)* ^ 
tb iHf^l ^7>^i(at least one species of additive element)!- f--B-^}fe *>-f- 

^ ^&|A>oli=nV #ofl ^^^j7 A 0 V 7] ^-^Cf 3. ^ 2 £ 

7] ^ ^elA>oiH.^-o. ^v 7 | q^ ^ ^e)A>oi^n|-^cf ^ 

*m ^€ ^AHi^. 
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26] 

25 %H1 91°]^, 

^^5. ^ ^ ^^^>o]c^. 

[3^* 27] 

*)1 25 

#71 a}i£^7l^ 3fl^<?l ^ s.^ <5>^ ^ ^E]AH£^. 

28] 

25 

^7} ^o]si *V %7}Q±±i iHM-(Ta), ^l=S^(Zr) ; e^o] Ef^-(Ti ) , ^HM^ 

(Hf), ^<21(w), ^^m(Co), a -^(Pt), af(Cr), Ir^^-S-CPd), wV^^-CV) ^ ^til-g- 
(Nb)^-S. ol <y ^ 3^5= 5}l|oj ^3^- ^-^ ^e)A>olcnl- 

[^t 1 * 29] 

4 25 %H1 . 

A oM *H5L ^ ^HJi^r ^##(Ta)°l ^-fr *V*r M€ ^ ^^a> 

o] ^.oj- 

[^t 1 * 30] 

28 *oHl sa°H, 

-#7} afll 0 atomic% tfl*l 4.9 atomic* °1 Jl, #7l *\}2 5 atomic% ifl*l 

60 atomic%<y u|5g fj-g- ^a)A>ol = ^. 
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31] 

*fl 28 5a<H-*1, 

A o V 7l U)^ ^ ^^Afoj^nV^ AV 7 ] U)^ ^ ^a]A>ol = n| ^ 

^€ ^ ^A}oj cnvo) ^^1^-711 (total thickness)^ ^°]S. 70% °\] gxr 
33* *Rr ^ ^a]4°l^ D -i v . 

[^t 1 * 32] 

aVlE^l^ofl ^^s)j7 ol^^( spaced apart ) cgc* ^ cgjjoi <^ <* ; 

^■7) ii±/£^J A r o]o] ^ <3<3 s£*-6\] afl^l^ t1)o]h sfl^i; 

iii/£efl?] ^o\) ^>^S ^#2} gf«- ^ ^^A}o]cdV ^ a o V«. 

^^Afo] cni-o. ^ U ^( first content)* ^ & ^7>^^i(at least one 

species of additive element)!- ^--^-*>J1, #7] -#-*f ^ ?g -^s^ Aj-oj^nv o. Aj- 7 j ^j. 

€■ Afl 2 5>^r ^-71 3<H51 ^7}Q±_^r 3* *V*r 

33] 

32 *<M1 oiolA-1 f 

A <M 7l]olH 5flH^ AHlS. A^S. sflEl ^ ^O^nV afllg-fi. i^-«jr}^ ^ ^- ^lO 
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[^t 1 * 34] 

*n 32 5a°H, 

#7} TllolH 3H€°1 ^€^1 ^-fofl -8-71 TflojB #efl C)- = u)3g ^> 

# ^S]A>ol^qV^- 5E^>£] , ^>7l Cf^ ^ ^E]A}o| £ n|.A ^^^/ELZ]}°] 

^* A o v ^ -8-71 ^ ^sl^l-ojEL^^ #^^-2:(the same material structure)* 

351 

*fl 32 %H1 &<>H, 

A o v 7l *\o)5. tb $7}^ife ^t#(Ta), *l=i2^-(Zr), E}o]^(Ti) ( *l-HM-§- 

(Hf), ^i€(W), 3*H(Co), a -^(Pt), 3*(Cr), ^t^-g-(Pd) , h>M-^-§-(V) 3* 

36] 

^ 32 5U°H. 

^"71 ?Ao]5i *v ^HLdtSr ^#(Ta)<y 3-1- ^ «>£^^7>. 

13 t 1 ^ 37] 

*ii 35 %hi 5fl°H, 

^■7] afil 0 atomic% vfl^l 4.9 atomic^o^lJl, ^12 5 atomic% vfl*l 

60 atomic $ ■£• ^ aVE*fl^*}-. 
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1^^* 38] 

*n 35 sa<H>H, 

A oM ^ ^e]A}o)n^ AV 7 j ^ ^5^A>ol cnVo) ^^-^o^ ^o]^ 

70% ^1 *fl#*Hr ^Ml* ^ «V£^^^K 

[^t 1 * 39] 

«VE*ll7l:M ^^s]ZL c»l^^(spaced apart) ±3.^ ^ = 31 Si 

^71 ^O.i/^efl<y <^<^# A}o]0} ^ ^-«.6)l tifl^^ 7]lo]E 

^"71 TflolB ^Hl ^ M€ ^ ^5lA>ol^nV uj ^j=l ^ 

cnv^. ^! ^-^(fi rs t content)^- 5fe ^: ^ff-£] ^7Hl^(at least one species of 

additive element )# *HHI-j1, ^7) M^t 'ge] c o_ ^. 7 j ^ ^-^cf 

^12 ^"71 ^o^c ^q-o} ^ 7 HJ^i« ^-fr*r^r ^H}°-5. ^ aV£^l^>. 

[^t 2 ^ 40] 

39 *J-°fl &<H>H, 

^71 ^^5L ^ ^ 7 }^4ife ^#(Ta), ^l=2t(Zr), EH^di), ^H^-g- 

(Hf), ^<$(W), S^S(Co), ^(Pt), H#(Cr), ^tq-g-(Pd), tij-M-q^-(V) ^ 
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[^t 1 * 41] 

»1 39 * 0 H1 91°]*], 

<#7] *\o]^ t> %7}Q±±; W#(Ta)oj ^J-i- s.^ o. s ^ aV£^*}. 

42] 

*H 40 * 0 H1 

^-7] o atomic% ifl*l 4.9 atomic^o^l jL, #7l *fl2 5 atomic% 

60 atomic% < ?l ^^.S. sr>^ a>£^4i^>. 

43] 

*)1 40 %H1 ^<H^, 

A oM ^ Mi ^ ^^A>o)c^.o. AV 7 ] ^ ^^Afoj^nl-o) ^tr^o} 

70% oil *fl#*Rr 55* ^r^SLsL f>}^ al£^^>. 
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^ 0 4A- 2003/11/26 



[£ 5] 




65 61 55 61 
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65 61 55 61 

[3c 9] 



63 56 105 




65 61 55 61 65 

10] 



103c 




65 61 55 61 65 
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[5L 11] 




1 I 1 1 1 1 1_ 

No Anneal 600 650 700 750 



IS. 12] 




(ohm/sq.) 
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